INTRODUCTION Background
Hydrologic investigations of urban watersheds in Texas were begun by the U.S. Geological Survey (USGS) in 1954. Studies have been conducted in most of the major Texas metropolitan areas including Houston, Dallas, San Antonio, and Austin. This report summarizes data collected for the Houston metropolitan area during water years 1990-95 1 .
The USGS, in cooperation with the City of Houston and the Harris County Flood Control District, began studies of streamflow in the Houston metropolitan area in 1964. The Houston Urban Runoff Program (HURP) was expanded in water year 1968 to include collection of water-quality data. The objectives of the ongoing Houston urban-hydrology study are 1. To determine, on the basis of historical data and hydrologic analyses of data collected, the magnitude and frequency of flood peaks;
2. To determine the effects of continuing urban development on flood peaks, flood volumes, and characteristics (timing and duration) of flood runoff; and 3. To determine variations in stream water quality for different flow conditions, different seasons, and varying patterns of urban development. Several studies have used the extensive database compiled since 1964. These studies addressed the effects of urbanization and basin characteristics on flood magnitude and frequency (Johnson and Sayre, 1973; Liscum and Massey, 1980; Liscum, 2001 ) and the concentrations and loads of selected water-quality constituents discharged into Galveston Bay (U.S. Army Corps of Engineers, 1976) . A summary of surface-water and precipitation data collected as part of the HURP during 1964-89 is provided by Liscum and others (1997) .
The USGS gratefully acknowledges the support of the various agencies who participated in this study. Principal among these are the City of Houston, Harris County Flood Control District, and Harris County Office of Emergency Management. The U.S. Army Corps of Engineers also has provided support for parts of the study.
Purpose and Scope
This report presents a summary of selected hydrologic data collected in the Houston metropolitan area during the 1990-95 water years. It is an extension of an earlier report (Liscum and others, 1997 ) that summarized surface-water hydrologic data for 1964-89. As in the previous report, the USGS focus is the collection of surface-water hydrologic data (stage, streamflow, and water samples to determine chemical quality). However, to develop a more comprehensive database, precipitation data collected by the Harris County Office of Emergency Management (HCOEM) are included in the report. The complete database of stage, discharge, precipitation, and water-quality data collected during water years 1990-95 is included on a compact disc (CD) inserted in a pocket on the inside back cover of this report.
Location and Description of the Study Area
The Houston metropolitan area (study area, fig. 1 ) in southeast Texas is about 45 miles (mi) north of the Gulf of Mexico on an almost level plain. The landsurface altitude increases from about 35 feet (ft) above NGVD of 1929 in the southeastern part of the study area to about 135 ft above NGVD of 1929 in the northwestern part. Soils in the area predominantly are clay, clay loams, and fine sandy loams of low permeability.
The major stream draining the area is Buffalo Bayou ( fig. 1 ), a tributary of the San Jacinto River. Buffalo Bayou is regulated by Barker and Addicks Reservoirs, flood-detention reservoirs in the western part of the area. From these reservoirs, Buffalo Bayou meanders eastward, is fed by four major tributaries (Whiteoak, Brays, Sims, and Greens Bayous), and enters the Houston Ship Channel and then Galveston Bay on the Gulf of Mexico. The drainage area of Buffalo Bayou, excluding the area above the flooddetention reservoirs, is about 810 square miles (mi 2 ).
The Houston metropolitan area has a subtropical humid climate characterized by the predominant onshore flow of tropical maritime air from the Gulf of Mexico. This onshore flow of air is modified by a decrease in moisture from east to west and by intermittent seasonal intrusions of continental air. The climate also is characterized by short and mild winters and hot summers. On the basis of 1971-2000 normals, the average maximum daytime temperature in summer is 92.3 degrees Fahrenheit (°F) (33.5 degrees Celsius [°C] ), and the average daily temperature in winter is between 40 and 65 °F (4 and 18 °C) (Office of the Texas State Climatologist, 2002).
The Houston metropolitan area has developed rapidly. The population grew from 1.24 million in 1960 to 3.32 million in 1990 (U.S. Census Bureau, 2002) . From 1990 to 1995, the population increased 10.3 percent to 3.70 million people (Real Estate Center at Texas A&M University, 2002) .
DATA COLLECTION History of Data-Collection Activities
From the beginning of the HURP program in 1964, the USGS has installed and maintained streamflow-gaging instruments to collect the required data on most major drainage basins in the metropolitan area (Buffalo, Whiteoak, Brays, Sims, and Greens Bayous) and many minor basins (including Keegans, Little Whiteoak, Berry, Vince, Hunting, and Halls Bayous). By 1966, the HURP data network consisted of 27 rain gages and 33 streamflow-gaging stations (19 continuous; 14 flood hydrograph) maintained by the USGS. The maximum number of instrumented streamflow stations (39) were in place during water years 1971, 1972, and 1982 . Water-quality sampling began with 1 station in water year 1968, increasing to 13 stations in water year 1969. The water-quality network had a maximum of 15 stations during water year 1972. During water years 1990-95, 24 streamflow stations, 21 rain gages (all rain gages operated by the HCOEM), and 6 water-quality stations were monitored ( fig. 1 ). Table 1 (at end of report) lists the type of data collected at each USGS gaging station in the data network during this period.
Description of Data-Collection Network
The USGS data-collection network consists of several types of gaging stations. These stations are described below and listed in table 1 to classify the sites by type of data collected.
(1) Continuous-record streamflow-A waterstage sensor and a recording instrument records water stage from base (or zero) flow to flood stage. Discharge measurements are made to define a stage-discharge relation. Data computed include flood discharges, flood stages, daily average flows, and flood hydrographs.
(2) Flood hydrograph (and partial record, streamflow)-A water-stage sensor and a recording instrument records water stage from an arbitrary minimum stage to flood stage. Discharge measurements are made to define a stage-discharge relation. Data computed include flood discharges, flood stages, and flood hydrographs.
(3) Partial record, stage only-A water-stage sensor and a recording instrument records water stage from an arbitrary minimum stage to flood stage. Data computed include annual maximum stages and flood stages. (4) Precipitation-Rainfall is collected with an instrument requiring either a tipping bucket or weighing device to determine accumulated rainfall. Data include incremental amounts for given time intervals. Rain gages used in this study are maintained by the HCOEM.
(5) Water quality-Water samples are collected manually. Samples are analyzed for physical, biological, and chemical properties and constituents.
SUMMARY OF PRECIPITATION DATA
All precipitation data measured in the study area are rainfall. Rainfall was measured by HCOEM gages that are colocated with USGS gaging stations (table 2, at end of report). These data are the basis for defining storm rainfall for the storm-hydrograph data presented in this report. Average annual rainfall from gages in the network ranged from a minimum of 34.54 inches (in.) during the 1990 water year to a maximum of 68.15 in. during the 1992 water year. The maximum daily rainfall amounts were measured in the study area during two storms: (1) March 4, 1992, when 6 stations within a narrow band on the upper Whiteoak, Greens, Garners, and Halls bayous measured between 5.98 and 7.80 in.; and (2) October 17-18, 1994, when 10 stations on several bayous (including Little Whiteoak, Keegans, Berry, Sims, Brays, Vince, Hunting, and Greens) throughout the study area measured as much as 10.16 in.
The precipitation data provided for water years 1990-95 are incremental amounts during selected storms (included on the CD with this report); data formats are described in a later section. A complete list of all precipitation data files is given in appendix 1.
The maximum recorded incremental rainfall observed during water years 1990-95 was 2.99 in. for 15-minute intervals, 3.27 in. for 30-minute intervals, and 4.28 in. for 60-minute intervals. The maximum rainfall for the HURP studies during water years 1964-89 and water years 1990-95 can be compared to values for the 25-and 50-year recurrence intervals determined for the Houston area by the National Weather Service (NWS) (Frederick and others, 1977; Hershfield, 1961) and by the USGS in a more recent report (Asquith, 1998):
SUMMARY OF SURFACE-WATER HYDROLOGIC DATA
Two general types of data for water years 1990-95 are provided: (1) water-quantity data and (2) waterquality data. All data summarized in this section are on the CD included with this report; data formats are explained in a later section.
Water-Quantity Data
Water-quantity data are based on discharge measurements and stage records that were collected at 24 stations during the study ( fig. 1, table 1 ). The number of continous-record streamflow-gaging stations ranged from 8 in water years 1994-95 to 12 in water years 1990-91. The number of partial record stations ranged from 9 in water years 1990-91 to 13 in water years 1994-95.
Data that describe surface-water conditions include the following:
1. Flood peaks-Annual flood peaks, defined as the maximum discharge in cubic feet per second (or the maximum stage in feet) that occurred during the water year, were determined for each station ( 
Water-Quality Data
Water-quality data, including physical, biological, and chemical properties and constituents, have been collected to represent various flow conditions during a water year. Analyses include properties (temperature, specific conductance, dissolved oxygen, pH, color, turbidity, alkalinity, and biochemical oxygen demand), dissolved solids, bacteria, carbon, nutrients, major ions, trace elements, and pesticides. These data are included on the CD.
During water years 1990-95, 134 water-quality samples were collected at six stations (table 5, at end of report) by USGS personnel. These stations are located on each of the five major drainage basins (Buffalo, Whiteoak, Brays, Sims, and Greens Bayous) in the study area, as well as Hunting Bayou. Except for samples collected from Buffalo Bayou, samples were collected five times during each of the 1990 and 1991 water years with a strong emphasis on changes in chemical and biological conditions during the spring and summer months. During each of the 1992-95 water years, samples were collected three times-in February, May, and August.
Samples were analyzed at the USGS National Water Quality Laboratory for about 80 water-quality properties and constituents (table 6, at end of report). For some constituents (such as nutrients and selected pesticides), either total or dissolved fractions were analyzed. At the beginning of the 1993 water year, analyses for total concentrations of nitrogen and phosphorus species were discontinued, and only the dissolved concentrations were reported. Summary statistics indicate the variation of water-quality properties and constituents in the study area during water years 1990-95.
DATA AVAILABILITY AND FORMATS
The data for this study are on a CD. The four directories on the CD indicate the type of data files available: (1) stations, which contains station manuscripts for the 24 USGS streamflow-gaging stations for which flow and (or) stage data are provided; (2) sw, which contains data files of daily mean discharges for 14 continuousrecord streamflow stations (table 1), data files of peak flows and (or) stages for 24 stations, and data files of discharges or stages for selected storms for 23 stations; (3) precip, which contains data files of precipitation for 21 stations (table 1); and (4) qw, which contains data files of water quality for 6 stations (table 1). The types of data files are described below.
Station manuscript-The station manuscript provides pertinent information about the gaging station, including major river basin in which the station is located, station location, drainage area, period of record, gage datum, remarks, and stage/discharge extremes (for selected stations). These data files are ASCII files that are identified by a leading "M" followed by the entire USGS station number. For example, the manuscript file for station 08074150 is M08074150.dat.
Daily mean discharge-Daily mean discharges are computed each year for all continuous-record streamflow stations. These data files are tab-delimited (.rdb) files. They are identified by a leading "QDV" followed by the last 5 digits of the USGS station number. For example, the daily mean discharge file for station 08074500 is QDV74500.rdb.
Peaks-Peaks are the maximum discharge and (or) stage that occurred during a water year at a station as well as peaks that exceed a base discharge, if computed. Data for each station are provided in tab-delimited files that are identified by a leading "PK" followed by the last 5 digits of the USGS station number. For example, available peaks for station 08074150 are contained in the file PK74150.rdb.
Storm hydrographs-Storm-hydrograph data include discharge or stage data for selected storms. These data files are tab-delimited files. Unit-value discharge data files are identified by a leading "quv" (unit-value stage data files are identified by a leading "ghuv") followed by the last 5 digits of the USGS station number and the month and year in which the storm began. For example, a unit-value discharge file that describes a storm in March 1992 recorded by station 08074150 is quv74150_0392.rdb.
Precipitation-Precipitation data comprise files of unit values during storms, coinciding with discharge data files. The data are provided in a tab-delimited format. For stations without colocated rain gages, precipitation data are included from stations with colocated rain gages in the watershed above the designated station. Precipitation data files are identified by a leading "p" followed by the last 5 digits of the USGS station number and the beginning month and year of the data. For example, precipitation data for station 08074500 from a storm in March 1992 is p74500_0392.rdb.
Water quality-Water-quality files provide data from water samples collected and analyzed for selected properties and constituents at a station. These data are provided in a tab-delimited format and arranged within the file by date sampled. Files are identified by a leading "QW" followed by the last 5 digits of the USGS station number. For example, the water-quality file for station 08074500 is QW74500.rdb.
SUMMARY
In 1964, the USGS began studies of streamflow in the Houston metropolitan area and in water year 1968, expanded HURP to include water quality. This report summarizes selected hydrologic data collected during water years 1990-95 and includes a CD of the complete database of stage, discharge, precipitation, and waterquality data.
Two general types of surface-water hydrologic data are presented for water years 1990-95: (1) waterquantity data and (2) water-quality data. Water-quantity data are based on discharge measurements and stage records collected at 24 streamflow-gaging stations; the data include annual peaks at the 24 stations (all with 10 or more years of record), storm hydrographs for selected storms during each water year at 23 stations, and daily mean flows at 14 stations. Samples were collected at six stations for water-quality analysis. About 80 physical, biological, and chemical properties and constituents were analyzed in 134 samples.
Precipitation data for water years 1990-95 are incremental amounts during selected storms. Rainfall was recorded by HCOEM gages that are colocated with USGS gaging stations. These data are the basis for defining storm rainfall for the storm-hydrograph data presented in this report. Continuous-record streamflow Partial record, annual maximum peak streamflow Partial record, peak streamflow greater than a base discharge Precipitation Continuous-record streamflow Partial record, peak streamflow greater than a base discharge
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